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FINAL REPORT

1. Statement of Problem Under Study. Malaria remains the most common disease in
the world today, numbering 2350-300 million cases at any given time. Among the 92
million new cases each year, there are close to 1| million deaths, nearly all of
which are young children. Although malaria is found warld-wides the problem is
mast acute in subsaharan Africa where the disease presents an enormous obstacle
tz social! and ecaonomic dereloceent. Although malaria was eradicated from most of
its original temperate range in the 1%940s, its incidence in the tropics continues
to increase, due in part to DDT and chloroquine resicstarce .n masqiito popula-
tions. Today. the most common African malaria vectors, Ancpheles gambiae and
Anopheles arabiensis (1}, belang to the Angpheles gambiae species complex, which
contains six member species. All of the species are morpholeogically indistin-
guishable, and two or three of the species are often sympatric over must of their
range. The species differ in behaviar and preferred habitat. Moreaver. there is
evidence suggesting that the two major vector species may not be equally involved
in malaria transmission, depending upan the season and location (2). Therefaore.
one of the requirements for epidemiological studies of these insect vectors is to
determine whether an individual female mosquito is infected with the malaria par-
asite, and alsgo, to what species does she belong. The latter ceonsideration is
most pressing for studies of habitat and reproductive behavior which praovide in-—
formation essential for the design of various control strategies. Thus far, the
anly reliable means of distinguishing among the members of this complex were dif-
ferences in polytene chromosome banding patterns as observed in either larwval
salivary gland or adult female ovarian nurse cell tissues (3,4). For field-
caught specimens a female would have to be blood fed at least once by the experi-
menter to insure that ovarian nurse cells could produce the degree of polyteny
required for examination. Moreover, interpretation of the chromosomal banding
pattern requires cansiderable skill. Another method, based upon the frequency of
certain isozyme patterns (5,6), 1s not as reliable because even certain diagnos-
tic alleles are found in both species. Moreover, the assay requires that ex-
tracts of fresh or frozen specimens be run on polyacrylamide gels. Finally, the
A. gambiae and A. arabiensis species can be reliably distinguished by virtue of
characteristic HPLC patterns from cuticular hydrocarbaons (7,8),; but the method is
not practical for large numbers of specimens.

2. Background. Many of the major malaria vectors are members of species com-
plexes, for instance, A. culicifacies (9), A. leucasphyrus (10}, and the A, far-
auti sibling series (11). In these complexes, as well as in the A. gambiae com-
plex, reliable species identification of individuals is currently tedious and
difficult. Since malaria continues to represent a major world health problem,
epidemiological studies with these species is crucial. The proposal hypothesized
that the genomic DNA of A. gambiae and A. arabiensis currently differs in ways
that would permit reliable species identification. In particular,; we sought to
develop a species differentiating assay based upon restriction fragment length
polymorphism as detected by either heterologous ar Anopheles probes.

3. Rationale. Recently, a substantial body of evidence has arqued that RFLPs ex-
ist between members of closely related species as well as within a single species
(12,13,14). We expected to find such differences between A, gambiae and A. ara-
biensis, and such differences should provide an excellent epidemiological tool.
The major advantages of a DNA-based assay are (1) the great sensitivity of South-
ern analysis so that single mosquitoes (or parts thereaf) could be examined, and
(2) the ability to use dried material so that field specimens could readily be
assayed. In order to find a diagnostic RFLP, we suggested using heterologous




probes such as the highly conserved actin sequence. A second possibility would
be to use mosquito mitochondrial DNA or rDNA for RFLP analysis. Since the rDNA
proved most useful, its properties are discussed in more detail below.

The rDNA genes of most eukaryotic organisms contain spacer regions which, al-
though transcribed, do not appear in the final gene praducti these were formerly
called NTS (nan-transcribed spacer) regions. Such regions have been shown to di-
verge rapidly compared to the rDNA coding sequences and even single copy genes.
Insect rDNA genes also contain intervening sequences (IV5) and/or various other
moderately repeated sequences (13). These intrans as well as other repeated ce-~
quences are similarly much more free to diverge than are coding regions. Quite
possibly these IVS could diverge so much that they could lose all hemeology to
those of other memberc of a species complex.

The rDNA genes have another advantage because thus far, dipterans appear to have
these genes present in at least 200 copies per genome arranged in a few large
tandem assays (15). Therefore, the rDNA genes possess the ability to yield use-
ful RFLPs as well as species-specific sequences, both of which would be the basis
i for a diagnostic assavy.

4, Experiments and Results. The object of our work was to develop 3 fast and re-
liable single mosquito assay to distinguish A. gambiae from A. arabiensis. The
first strategy was to determine whether certain heteroclogous probes would reveal
a diagnostic RFLP. The second strateqy was to search for diagnostic RFLP by us-
ing mosquito mitochondrial DNA. The final strategy was to obtain molecular
clones of the rDNA genes of A. gambiae and then to quickly identify non-coding
portions of the genes (spacers and IVS).

(A). Utility of heterologous conserved sequences. 0Our proposal suggested an
inttial survey of heterologous probes known tao be highly conserved throughout
various phyla. O0One choice was the Drosophila actin sequence (146417) because in
addition to its highly conserved sequences it is a member of a multigene family,
thus giving more copies per genome for detection of single mosquito patterns by
P Southern analysis. However, in our preliminary studies, hybridization with the
Drosophila actin probe required such low stringency conditions that the signal to
noise ratio made the blots impossible to interpret. We guickly decided to exam-
ine appropriate masquito sequences to use as probes for distinguishing RFLPs.
Moreover, since our long term goals include isolation of species-specific mos-
quito sequences, we did not examine any other heterologous probes.

(B). Mitochondrial DNA probes from A. gambiae. Studies of mitochondrial RFLPs
have been used to construct the phylogeny of closely related species. We there-
fore decided to utilize this approach for A. gambiae and A. arabiensis. We ob-
tained a clone pDyHB from David Wolstenhome, hearing a 4.8kb HindIII fragment
from Drosophila yakuba which includes the cytachrome oxidase I and Il genes.
Since these genes are highly conserved, we sought to use this fragment to iden-
tify a homologaus sequence in A. gambiae. When pDyHB (shown below in red) was
used to probe A. gambiae DNA restricted with various enzyems, Southern analysis
showed a small number of hybridizing bands. l

S
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Gene mao of the lo,u19 nucleotide pafr Drcsoonyla vaxuna mtONA molecuie. Tne
locazians af the a=T-ri¢h regicn, tne grigin of resitcation {U), iand 1=
giraction of reaibrcation (R) rejative to £CoR! and Aindlil restriction sizas
{inner <:rcles) were determined oy electron microscope studies (Faurdn ana
Hdoistennoinme (19Y76) Proc, datl. Acad. Sar 73:3622-3027; (198J) Nuci. <iv'is
Res. 3:2419-2352; socdard and wWolstennpime {1380) Nucl. Acias Res. 3:74%-
757). Eicn URNA gene (natcned area) s 13entified by the one letter imino
ac1d ¢oce, ang 1ndividual serine and leucine TRNA genes are 1dentified ny tne
c3aon famtiy {1n parantneses) waicn TRerr ranscrivl)on Croducts reciunila.
Arrcws #1TN1A ang outside tne molecule indicate the direciton of transiriizion
of eacn gene. The numoers of apparentiy noncading nucleolides wni¢n SClur
between tne ¢1fferent genes are shown at the gene Hounyaries on tne 1aner side
77 the gene map. liegatlve nutoers indicite overlapping nucleotiges af

10 13cent jenes. An asterisk 1nd1cates an incompiete terminatilon {Su4on T ar

TA). Tne location of all Scorl, Hinaff], Clal, 3qlll ana thol restriction
sttes, wnich were uysed to abtain the clones of seyments of tne 0. s3xuba MIUNA

molecyle from wnicn nucleotide sequences were gotained are SHOHR Qn Th@ inner
map. The letters within the tnree concentric circles identify the frajments
of the restriction enzymes fndicated (references attached).

The combined molecular size of these bands was in no case greater than that
(14-17kb) expected for the mitachondrial genome. One of the hybridizing bands is
a 3.35kb EcoR! fragment which is a convenient size for cloning into the lambda-
gtl0 vectar. Ue therefore electrceluted S-4kb DNA from a preparative EcoRI di-
gest, ligated the fragments with lambda-gt10, and packaged the phage using the
commercially available "Gigapack." The resulting minilibrary was screened using
lowered stringency (hybridization and washing at 42°C) with the pDYHB probe.

One of the selected clomes, MR7, had a 5.5kb insert which was used for further
study. Of the several enzymes tried, the most interesting differences between
gambiae and arabiensis were seen with Pstl]l digests probed with MR7. In addition
to the interspecies difference, there was also a suggestion that this probe mav
be useful for diagnosing various geographical isolates of a given species, such
as thase listed in table !|. However, we did not investiqate this interesting
possibility any further, because we Questioned whether it actually represents mi-
tachondrial CNA. One possibility would be that it is actually a nuclear DNA se-
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quence containing a tRMA also precert (see hatched areas above! in nitechondrsa.
Since tRNA sequences tend to be highly conserved., (he D. vakubi crcbe could have
selected either auclear cor amitachondvial sequencs. ke foung that s cecourd g s
cent fragment, nDvHC fshown 1n gre2nts also hvbridizes o MR which indicates
that MR7 most likelv 1s a mitochondrial seaquence. However, a2 41 not cheraccer -
1ze MR7 ary further and therefore we Cannot make definmite statements concerrning
its origin. Regardless of its corigin. MR7 13 formally egquivalent to a mitocror-
drial probe since i1t hvbridizes to mitochondriai DHA.

In summarv. we found interesting differences betueen A, gamdii2 and A. arapi-
ensis using MRT. However. the Pst] nattern diffecrsnces would Se o ffroull to o=
terpret with confidence 1f one were using si1ngle wosguitces, These differonce:
would be :1napprooriate 1n any case far a gerneral diagnostic test. W& might nave
then cloned other portions of the mosgutito mitcchoendrial aenpome o see 1 f a more
useful prone cculd be fourd, had we nat already obtained Interesting prelimiriary

data from meosguito «DHA clenes. Thus. we becan to =vamive rLNA groses which

Ui

might be mo~-e useul a3 petential disgnostic tools.

(CY. Izolation uf a diagrostic clered rfHA fragment. Sn 4. gamblse genom:c
library was screened with a Sclara copropghila rDNA clone (18) which contains re
ccopiete cistron.  Thirty-two A, gambiae rOMA-cantsinirg phage «ere isalated and
selected for further znslysis. These clagnes w2re restrictsd with verious ens,r=s
ang subjected to Southern analyvsis, 1n arder ty find naonZonsecrved rzgions that
mignt be used to reveal differences between tne species. The Clots were tharoe-
fore probed with Gcrara rINA which 12 not e-pecisd to nybridizz to fragments from
the nancanserved regicns. Restriction fragments irom such regions (those not ©, -
bridizing to the Sciara probe) were then i1colateg from gele ard used to drope Ze-

nomic Southern blots of A. gambirae and A. arabrenzis DAL Cilone \A5012, showe :n
figure 1, was found to contain a G.SSkp EcoRI-5all restricticn fragment whach
consistently showed a different pattern of hybridizaticn to A. gzambiae versus A,

arabiensis genamic DNA.
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FiGUReQ. AAgrl2 restriction map. The approximate locations of the 18S and Z8S regions were detcmnncd
by hybrnidization with heterologous Scigra'* rDNA (pBC2). and Calliphora' rDNA (phB-42 and pKB-33).
Mgrl2 contains slightly more than | rDNA astron. including the NTS. The dashed hne indicates weak
hybridization to the heterologous probes. The 0.59 Kb EcoRI-Sall restriction tragment which reveals a dvagnostic
restriction fragment length polymorphism between 4. gambiae and A. arabensis 1s shown as a darkened bar.

The 0,59kb EcoRI-Sall fragment is very close to the 3’ terminus of the 285 re-
gion of the mosquito rDNA cistron. Hybridization of the Sciara and Calliphora
(15) probes i1s very weak in this region, suggesting a 'low degree of conservatiaon,
yet this fragment is highly conserved among different geographic isolates of the
three member species in the A. gambiae caomplex first examined. EcoRI-Sall gena-
mic digests invariably show the 0.5%9kb fragment, and there is no evidence for de-
tectable levels of inter-cistronic variation in either of these two restriction
sites.
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In summary, the nrobe prGri2 =nows an unamblguous difference betwsen 3. gam-
Hiaz end A. arabiensis as weil as . nelas.

"ale draied rosau

(D). The Zisgnoscic fragment 1s aseful for s) 1
) 1he M35+ pglasmid Stroatacere Cor-

Q.59kb fragmnent wdas sublCcluned intuy the Sluescr
ing Systems), and this construct, § A6 18~ nas
cf A. gambize ccmplex Zolanies ang field :solat
n1es avallable are shown in table i

Table 1. List of mosguito strains ava lanle from t-e CIC.

Cesignation Ccigin Species

EALIE Suzac SL.oaraniensis
B R Tldan )

LREAVIY ] Tenva ~

3-3 The canolad S, Tamziae

"l A renya

£33 e a

> Tanrania N

Ian Janzizar AL

EREF Tre la*nia AL teias

Mosquito gerncmic [MA was 1sgiated from 1odisisual H0egquiizes WwNICT wore S a0iy
dessicated at room temperature 1n the presence of anhydrous calcium sulfate. L[HA
from individual mosquitoes or mosquito abdomens was isolated by & simple protc:oo
(19), digested with EcoRl, separated on a 0.7/ agarose gel, transferred to Bere-
Screen Plus (NEN Research Products), and then probed with nick-translated
pAGri2A. A. gambiae mosquitoes from both east and west Africa show a single,
consistent pattern of hybridization to a l.4kb fragment, and tnis 1s i1llustratad
in figure 3a. '
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(Nizeriay, and (10} 4 gameice tlhe Gamoia, U col-

onvh

-
2
o
=
‘Vl 2
2 g
LY -~
3 3
Q m -
mn o ]
n ™~ ] [~2
I8 . .
£y - >
. ! 1
< =< T
23.6 —
9.5_ Wy
5.6 — -
4.3— [ )
2.3 — oan-- - one
2.0— - .
o
0.85 —

Fraure 38, Hyvbndization of pAGrl2A to £ ooR 1 di-
gests A DN A extracted trom sine temale mosduitoces
Species and geographic ongin of specaamens are as 'ol-
fows, -t omeras, The Gamoias . cambiae, Zanoioar

frroaramenses, Sudan G MAL colonv and SENNS (-

GOV AN I QUG TR s MOSQUITOCS (7T (s
femaie tamiies

This fragnent corresponds to the 1.4kb seament of AGrid delinmited by the
Ecor]l site 1n the nrobe and the nevt Ecorl site downstream of the 285 3 codirg
region in the spacer region. Nane of the more than 1000 individual . gambiae

examined from colonies representing 9 gecagraphically different field isolates re-~
vealed any variation in this region. All the A. arabisnsis examined to date,
representing isolates from four different geographic areas, showed a cluster of
EcoR! fragments in the 6-8Bkb range which contain segments homologous to pAGriZA.
We also examined cne availlable A. melas colony which showed a cluster of bands
centered around 3.5kb. No individuals from the A. arabiensis and A. melas colo-
nies have been found with the l.4kb A. gambiae type fragment. Multiple bands of
hybridization in A. arabiensis and A. melas are praobably due to inter-cistronic
variation in the spacer region. In addition, a fourth member of the complex. A.
quadriannulatus, is clearly distinguished by the probe, giving a consistent 2.3kb
EcoRI band, as illustrated in figure 3b. Therefore, the probe to pAGrl2A can be
used to examine populations where 2, 3, or 4 of the species are found.

In summary, the diagnostic difference revealed by the probe pAGri12A was found
without exceptinn 1a 1ndividual mosquitoes. Further, specimens dessicated by a
very simple method zhow 10 evidenze of DNA dearadation even when stored at roon
terpecature for a: lung as one year. Moreover. in other prellningry expectaents
w2 found that othor 1ife stiges such a5 cecond instar larvae znd pupze (snd cbvi-
cusly Szth zexes) are rzadil, sccred B, the DVA arobe.

(B}, The liagroetic n-abe 1 =2« i ted. Cigacization of the fDMA Cast-oze i5-

pears to be the same in both'males and females, as judged by Saouthern blots of
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male and female DNA. tHowever., the intensity of hvbridization of cAGri2A tg ga-
namic Sauthern tlats. as shown in figure 4. (ndicatss that maleos khave @ smali--r
nunber of total ccoies, which 1s expgected if the »CMNA Qznes reside on the X -noc
moscme. A. gawblse-f, arabiensis hybrid female mgsauitioess reared 1 the laboe i-
torv ccntain bocth of the parental tvoes of 004 <rs3trons (Fig. 43, Male kb2 .y
an the cther hand, show the cistron structure of the famale parect. 1vicaty o3
that the rRNA geres are located on the X chramowcme. This finding divactly 22:223-
ci1ates the diaanostic probe with that part of the mosguite gencme ffhe 2 chrisu-
some) currently us2d as the basis for cviogenstic zoeciation.
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Frat m4 Hubridization of pAgri2A o singie dried male and female mosquitoes or mosquito abdomens.
Lance «hy 4o ce temale (20 1 camrrrae temaic (Mloodied), 3 vamide temate 1andomen onlvy, 4y
SATTAC MU ) srisenay temade, 16) 4 ararrensos male, (7)1 mredas temale, (81 menls mare, (9 |
Sdotende dararensichvhnd temaies cB L wameiee- 4 araeien sy ivbod male, (11 L PPl s Qi
hvbod temaicoand 12y 4 parensiy 4 vambiae hebnd male., Female parent i isted first for all hybnids. DN A
tfrom 4 singie abdomen s clearly more than suthaient to make a spectes wdenutication. Furthermore. the presence
ot'a blondmeaiin the abdomen does not signinicantly reduce DN A vield. Dessicated individual pupae and larvae
(all instars except the nrst) can also be readily speciated (data not shown). DNA extraction' and hybnd:zatuon
'"are as descnbed for Fig. 2. Lanes (-8 were exposed 1o film, [9 hr; lanes 9-12, 6 hr.

(F). The DNA probe method is compatible with the sporozoite assay and is use-
ful for bisod‘meal analysis. In order to determine whether the probe could he
used io assay single mosquitoes which are also assaved for the presence of the
malaria parasite, we obtained a number of field specimens which had been dess:-
cated for at least 14 monthe. The mosquitoes were cut so that Dr. Collins re-
tairad the head and thorax ‘or the sporozoite assay (20) and we tested the abdo-
mens. The results, shown in Table 2, indicate that the diagnostic probe can
readily distinguish species using only part of a dried specimen.
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Table 2. Testing field specicens fram A. gambia complex mosquitoes
collected in Asemdbo, Kenya, Octomer 1985.

Species DNA
not
Abdamens from: A, gambia A. aradiensis reaganle
Plasmodium falciparum
inTected masqu:taes 47 (75%) 17 (277 8
Uninfected mosquitoes 78 (491 B0 (St 19

Note: percentages are based on specimens which were identified as to
species. The sparozoite assdy and ONA prooe assay were performec n
December 1986,

The proportions of gambiae and earzabtiensic in Asembo which we found are eimylar
tc those found by other warkers. Gince these specimens were Quite old ang wes did
these experiments at a time when our DNA extraction procedure nad not hbeer onti-
mized, there are an unacceptables rumber of unreadatle 1ndivicuz.s shawr 1o Too
1. Since then. however, we have had few, 1f an,. unreadgahle sdgomens “von trne
specimens sO treated.

A cecond 1mportant consideration for 3 diaznostic probe 1e whather 1t 1e com-
patible with bigogd mea!l analysis. The DN& evtracticn protocol whicho we Zur-2rtly
use allows bloocd meal analvsis: A sinile mosquito (or portieor thersof) 18 haro-
genized 1n a 1.35ml plastic Eppendorf tube (using a conical giacss tled wits
S0l .08M NaCl, .16M cucrase, .0&6M EDTA, .S5% 803, .IM Trie-Cl, pH £.5. The homo-
genate 1s 1ncubated, 659, 30 min; BM potassium acetate is added to a fina., con-
centration of 1M, After incubatior, 4°C, 30 mivi, and centrifugation &t room tem-
perature, 12,000xgs 10 min, supernatant ic removed tc a fresh tubz and the pellet
1s saved. 100H] 93% ethanol is added to the supernatant ang centrifuged agein.
12,000xg, 10 min. After discarding the supernatant, the DNA-containing pellet ig
washed with 70% ethanol, dried and resuspended in 16K1 10mM Tris. 1eM EDTA, ph
B.G. The first (potassium acetate) pellet contains mest of the protein. Dr.
Collins has examined this protein pellet from a number of the infected specirenc
listed in Table 1| fcr blood meal IgG and it can be readily scored fo- tre blood
meal source, using commercially available methods (21). Mareover. Dr. Clollins
has also found thal the Plasmodium circumsporozoite antigens can also be detected
in this protein pellet with no apparent locss of sensitivity.

(G). The DWNA probe method and ODH isozyme method give the same results. The
important strategy we employed in comparing the methods wacs tu test 1sofensle
families. For thece experiments female mocsquitoes collected be Dr. Collins in
western Kenya (Rhero, Asembo, and Gambe) and one coacstal area (Sabakl) were used.
These are heavily infested areas where the twc species are known to be sympatric.
Aherao 1s an irrigated, rice-growing ares on the Kano plain approximately 10wm
east of the city of Kisumu. Previous studies of the mosquito fauna of thiec loca-
tion have shown that most of the A. gambiae complex mosguitoes breeding in the
rice fields are A. arabiensis (22). Asembo it a farming community located on the




north shore of Lake Victoria, approximately 45km west of Kisumu. Gombe ie¢ a =:im-
ilar community located at a slightly higher elevation, roughly 20km narth of
Asembo. Tho upland Gombe terrain is considerably mare hilly and has a longer
rainy season than either Asembo or Ahero. Both A. gambiae and A. arabiensis have
been reported from these areas (22). Sabaki is a small coastal village appreowxi-
mately 170km north of Mombassa. Using chromosomal methods of speciec determina-
tion, Mosha and Subra (23) reported only A. gambiae and A. arabiensis 1n this
area. A1l sites fall in the Sudan-Savannah ecalogical zone. The western Fenva
collections were made during mid-May 1986, appraoximately & weeks after the oncst
of the major rainy seasoni mosquitoes were collected in Sabaki during mid-August
1986, a considerably drier season. Gravid specimens were placed individualliy 1n
cotton-covered. 7-dram vials. After oviposition, the vials were capped and
shipped back to the CDC insectaries for rearing ac isofemale families. The
Sabaki larvae were subjected to salinity testing to screen for the presence of
the brackish water breeding member of the complexs A. merus, but nore were found.
Some mosquitoes fram each family were analyzed for ODH i1sgzymes (EC 1.1.1.73) by
polyacrvlamide gel electrophaoresis (PAGE) in Dr. Collinse’ laboratory. Five d4i¢-
ferent ODH alleles were found among the specimens examined: most of the fre-
quently encountered allele combinations are illustrated in figure 5.

95_ ——
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100

105-

Fiz. 5. Octanol dehvdrocenase electromorphs found
in the Kenva beld samples. Lane 1. A, crabrensis from
the G, MAL colony: lanes 2-3, A. arainensis trom Ahero;
lane 4. an A. aramensis (G/MAL) x A caminge (G3)
hybnd produced in the laboratorv: lanes 5-7. A, gaminae
from the GO-66 colony established with specimens col-
lected in Gombe.

The number system used to identify the alleles fallaws Miles (23). The A.
gambiae reference caolany 16C/SS used by Miles was employed to identify allele
100. ldentities of other alleles were inferred from relative mobilities and pub-
lished allele frequencies. 0ODH-98, which we found only in specimens fraom western
Kenya, has not previously been described. This number is assigned on the basis
of its mability relative to 0ODH-95 and ODH-100. The allele wacs present in 1S of
168 families examined (one family from Asembo was homazygous for the allele)d.
thus 1t is clearly not rare. Because of the small differences in their relative
mobilities, ODH~98 may not have been differentiated from QDH-100 in previously
pualished work that used either starch gel or nonstacking FAGE gel systems.

The most frequent ODH allele in A. gambiae populations is ODH-1C0. although
0CH~10S and ODH~93 have been observed in relatively low freguencies. A, arabien-
s1s populations are typically characterized by the ODH-95 allele, with low fre-
guencies of ODH-90 and ODH-100. Thus, specific ODH alleles do not absolutely
identi1fy species (A. gambiae versus A, arabiensis), but genotypes that do not
contaln the chared alleles can be used tou separate the species with a very high
degree of reliability.
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The DNA probe method of distinguishing species provides a lees awbiguous -
sult. All A. gambiae specimens consistently produce the same cistinct pattere of
hybridization. Figure 6 shows nine i1ndividual specimens {rom the Ahero and Gumbe
samples tested by the DNA probe’ individuals . 7, and 3 are scored as A. asm-
biae, while the other six are A. arabiensis.,

23
20 —

0.56 —

Fig. . Hybridization of the pAcl 124 probe to EcoRIT
digests neld-coilectea speaimens. Lanes 1-3, indivadnagl
mosquitaes from different Ahero tamilies, lanes n-9, in-
dividuals from Gomuve tamilies,

The results for cpecimens and families analyzed by both DNA probe and ODH iso-
zyme are presented i1n Table 3. The 1ndividual mosguitoese from Sabakis which were
split into two portions and analyzed by both methods, clearly show that the DNA
probe and enzymatic methods divide the sample in exactly the same way. All indi-
viduals with ODH-100 or ODH-103 alleles test as A. gambiae by DNA probe; those
with ODH-95 have the A. arabiensis DNA pattern.
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Table3. DNA-probe and Odh isozvine analvses of A.
gambiae complex mosquitaes trom Kenva

Results for material from Ahero, Asembio and Gombe rep-
rc‘s#n( Anakvsis of at least two mosquitoes trom eacn fammalv tor
DNA tvpe and an additional two mosquitoes for Odh 1sozyvmes
Results tor matecral from Sabaks represent DNA-probe and (xlh
1507y me analsses on singie masquitoes (the Lbedomen w .n. nsed for
Odh anaivsis and the head-thorax portion was used lor UNA
typing) .

Probe-cnecwhed
Loca- families
tion -_— )
No Probe result v

ODH aileies present

5 A 1o o3

\hero vammae -
. drafmensis - -
aramensis -

. dratnensis - -

—_—— i —

A

4

A

A
Asembo A gaminge
A vammae
A gamenge
A aratnenas -
A aramensis
A arabensis -
A dramensis
A
A
4
Y
A
A
EY
4
A
4

oot ot

LI

I e e g

aratnensis b

Gombe gpaminae
aramensis

Laratnenses
aratnensis +
araiens:s
aramensis -

t
LA T

Tt ot 4

Laminae -

Sabahs =6
i gaminae - -

- draviensis hd

Specimens from the western Kenya locations were treatz2d so that individuais

from each 1safemaie family were analyzed either by DNA orobe (two individuals/
family) aor ODH isozyme (two or three individuals/family). Of the 41 different
families so analyzed, none showed any within-family variation in the DNA probe
hybridization pattern. Furthermore, only the expected 1.4kb or &6-8Bkb bands of

hybridization were observea.

All the previously cited studies of ODH alleles in field specimens of A. gam-
biae and A. arabiensis indicate that, with near certainty, families with only the
ODH-100 or ODH-105 alleles can be classified as A. gambiae and families with only
the ODH-90 or 0ODH-95 alleles are A. arabiensis. Indeed, the 20 families fronm
Ahero, Asembo, and Gombe with the A. gambiae isozyme types show the DNA probe
pattern diagnostic of A, gambiae. Also, the six families with only alleles ODH-
90 or ODH-95 are identified by the probe as A. arabiensis. The fifteen families
with other combination of ODH alleles cannot be assigned to species on the basis
of their isozyme pattern. However, the DNA probe test of these families indi-
cates that 14 agf the 13 are A. arabiensis, a finding that is consistent with
those of Miles (24) and others who have reported considerably higher frequencies
of ODH isozyme polymorphism in populations of A. arabiensis than A. gambiae.

Mone of the more than 200 individuals examined in this study gave a DNA probe re-
sult that would suagest an interspecies hybrid.

In summary, in the 112 individual specimens from Sabaki and the 246 families
from the western Kenya sites where isozyme results permit a reliable species di-
agnosi1s to be made, the results are in agreement with those provided by the DNA




~15-

probe. While this consistent pattern does not represent an abeolutely unambigu-
ous validation of the DNA probe method of species determination, it does prOV}de
very strong support. This is especially cobvious in the mosqultoes from Sabaki,
where the two methods subdivide the sample identically.

(H). Caomparison of DNA probe and cytogenetic metheds for distinguishirg A
gambiae from 4. arabiensis. Since the chromosome method provides the primary
geaﬁgmgdfﬂﬁnambiguous differentiation of species, Dr. Collins arrgnged to collab-
orate with Dr. Vincenzo Petrarca. at the University of Rome, wha is expert at.the
chromosomal diagnosis of these species. Individual gravid females collected n
Kenya and Zimbabwe by Dr. Collins were dissected so that ovaries were placeq 1n.—
Carnoy’s solution for chromosome squashes. Dr. Petrarca prepared €quashes in his

laboratory and scored them. The carcasses were dried and brought to Emory for
testing with the DNA prote.

The Kenya specimens were collected from Asembo and Ahero. where prior sﬁudies
(22,23) indicate A. gambiae and A. arabiensis are present. The other‘specxmens
were collected from the shore of the Lundi River, from a single Siterip southern
Zimbabwe, where A, arabiensis and A. quadriannulatus have been jdentitiea.

The results are shown in Table 4:

Tanle 4, Reauizs of coaparison of UNA #d Cycogenecic methogs of
identifying the species of field ¢ollectea soecimens of the 4nupneica
gam0i1ae combiex. il specimens were Nalf{-qravid {ranies. ibdomens wece
preserved i1n modified Carnoy's fitstive foc subsequent analysis of overian
nhurse cell polytene chromosomes, heoad-thorax portions were desiccated in
the presence of snnydrous calcium suilfate for lster DNA evtraction and
teating. UNly specifens with readudle polylene UNfomOsONES were Lested Dy

the DNA-prope method.

DNA PRUHE KESULT

CYTOGENETIC SAHE AS ULPRERENT ~NOT
2178 RESULT NO. CHRUMUSOME  FHOM CHROMOSOME READABLE
Zimbabwe An. arabiens)s [ [ [} L]

AR+ quadriennujstus 33 33 [ ]

Kenya lus 104 [] -~

An. gamdiee 1] 4l o s

All of the specimens from Kenya matched except for two. which were @osqu1toe§
numbered 132 and 133. We believe that these exceptions are due to & mxx-up of
camples because it is highly unlikely that adjacent tubes would contain the only
two exceptions, and these two were therefore dropped from the study. Three of
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Bkb and 1.4kb), but we believe these resulted from partial digestion rather than
that they are indicative of hybrids. Approximately 97% of the cytogeneticallw
identified specimens were alec identified with the ONA probe. In 8 of the 257
samples, the DNA had been degraded, possibly due to entry of molicture into the
microfuge tube containing the carcass. Such degradation is evident in the d:s-
tribution of DNA fragaments in the agarose gels.

The mosquito chramosome sguashes were also categorized as to the type of vari-
ous polymorphic chromosomal inversions, which are characteristic of each species
. and are reported to exist in certain frequencies. The data from this aspect of
the study showed tnat there was general agreement between observed and expecsed
frequencies of these rearrangements. These data will be reported in detail else-
where (see bibliography of publications supported by this contract) and are not
treated here.

In summary,; 97% of the cytogenetically identified specimens could also be
identified witn the DNA probe, and in every case the DNA probe and cytogenetic
methods of species identification produced concordant results.

(I). Possible use of species-specific rDNA sequences for dnt blot assay. As
was detailed earlier, a dot blot assay would eliminate the need for running and
blotting gelss the uce of restriction enzymes, and poccibly also obviate the need
far a radiocactive prcbe. During the latter porticn of the contract periods we
explored the poscibility that some of the A, gambies coumples rDNA genes coul?
contain speciec-specific seaquences. [n particular, certain dipterans are rvnown
to have some rDNA genes which contain sequences (IV5S) that intercupt the €85 coc-
ing region. These I[VS should be unger fewer selective pressures than other cor-
tions of the rDNA genes and could therefore contain sequences which. under normal
DMA hybridization conditions. behave 1n a speciecs-c<pecific marner. We therefcrs
searched for a possible IVS-containing rDNA clone in A. gambie=. Aporoximately
13 of the previcusly identified rDNA clones were subjected toc Southern analvsis
and probed with genomic DNA from A. arstbiensis. We therefore ldentified a clone.
AGr23. which contained two EcoRI. Sall fragments which were nat recagnized by the

1 arabiensis DNA probe. This clone (and ABrl12) was more carefully mapped and the
) results are shown in figure 7.
4 PAGr124
IS'E 'BES?( X GE B XXXX EXSE B
| Motz fHmmmpR—tmmh L L gy
HH C 355 CH H HH WM
. PAGr238 pAGr23A
S|E S SE S S E B GX X .6
1 111 1 1 [
e — s NS 1 K8
H H HH C c —

Figure 7. Restriction maps of lambda-Agrl2 and lambda-Agr23. Eoth clares
are shown to illustrate the (prubable) position of the IV3. As in
other dipterans the IVS interrupts the €8S coding sequence. Another
feature of the rDNA genesc is the internal transcribed spccer (1750,
The species-specific fragments pAGrz3A and pAGra23B. as expected. dc
not contain coding region.

Rt
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The putative species-specific fragments, shown as pAGr23A and pAGre3B, were
subcloned into Bluescript M13 (Stratagene Cloning Systems) and were then used
separately to probe Scuthern blots containing single mosquito digests. All of
these mosquitoes were diagnosed as to species using the pAGrl12A probe. About S00
individuals were tested in this way, and we found that only the A. gambiae indi-
viduals were positive with pAGr23A ar pAGr23B; i.e., some gambjae individuals re-
acted with only ore of the two IVS probes. The DNA of A. melas. A. merus, and A.
quadriannulatus did not react with either probe. We found that there is indivi-
dual variation in the intensity of hybridization. 7This is expected since other
dipterans are known to possess variable numbers of such IVS-containing genes
(29).

In summary, the two A. gambiae sequences (in pAGr23A and pAGr23B) behave as
species-specific probes under the conditions normally used for DNA hybridization.
These sequences could be used to design specific probes for dot blot diagnosis of
the proportion of A. gambiae individuals in a population. Similarly, these ex-
periments strongly suggest that analogous arabiensis-specific sequences could be
obtained, and thereby allow diagnosis of both species from a single dot blot
analysis.
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